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QhI Abstract 



We investigate effects of spontaneous breakdown of CP in B^^ — B^d,s systems in left- 
riglit symmetric models. Assuming tliat tlie left-right contribution to the B^ — B^ matrix 
element M12 can be at most equal to the standard model one we obtain a new lower 
bound, Mh ^ 12 TeV, on the flavour changing Higgs boson mass. Most importantly, 
the convention independent parameter Reils), which measures the amount of AB = 2 
CP violation, can be enhanced by a factor of four or more for B^ and almost by two 
orders of magnitude for B^ systems when compared with the Standard Model predictions. 
Therefore, interesting possibilities to observe indirect CP violation in the B system are 
open in the planned facilities. 
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1 Introduction 

The success of the Standard Model (SM) teaches us very httle about what to expect at 
energies higher than the left-handed gauge boson mass. An interesting, viable extension of 
the SM is the left-right symmetric SU{2)r x SU{2)l x U{1)b-l model [jl[. Besides giving 
rise to a new energy scale the most interesting character of the model is the spontaneous 
breaking of parity invariance. In such a model of spontaneous parity violation, it seems 
natural to consider the possibility that CP is also broken spontaneously [^ ^, ^, ^, |^, |^ . 
More interestingly, it has been shown |Q that, to implement this symmetry breaking, it 
is not necessary to extend the Higgs boson sector while keeping flavour changing neutral 
currents under control. 

Although the SM has passed all the tests in the kaon system 0, ^, intriguing hints 
of other plausible explanations emerge from cosmological considerations of the baryon to 
photon ratio in the Universe [|10|- The left-right symmetric model can equally well explain 
the existing measurements of CP violation in the neutral kaon system |]^. However, by 
studying kaons alone it is very difficult to distinguish between different mechanisms of 
CP violation. Complementary tests of the origin of CP violation will be provided by the 
studies of B- systems in planned facilities [|ll| which will start to operate in the near future. 



Unfortunately, the convention independent parameter e, which measures the amount of 
Ai? = 2 CP violation, is predicted to be very small in the SM setting extremely strong 
requirements on the performance of these machines. In fact, it is possible that even the 
SM value of Re(e) for 5°, which is expected to be an order of magnitude larger than the 
one for 5°, will not be achievable in these experiments. Therefore, measurements of large 
e would inevitably mean the discovery of physics beyond the SM. It is for this reason why 
the exploration of CP violation in the B system is so crucial. 

The spontaneous violation of CP in B^^ systems have been studied earlier [|12|. In the 



present work we shall re-consider mixings and CP violation in the B systems in view of 
the progress in our understanding of the hadronic matrix elements and implementation 
of the spontaneous breakdown of CP in left-right symmetric models, not to mention the 
improvements in the precision of experimetal data such as the strong coupling constant 
or top quark mass. As will be seen, our results indicate that an enhancement of about 
an order of magnitude compared with the SM prediction is possible leading to observable 
effects in the future experiments. 

The outline of the paper is the following. In Section 2 we discuss the spontaneous 
breakdown of CP in left-right symmetric models. In Section 3 we present the general 
formalism for the mixing and CP violating parameters m B^ — B system and in Section 
4 we derive the parameters in our model. Numerical results are presented in the same 
Section. Our conclusions are drawn in Section 5. 



2 Spontaneous CP violation in the left-right symmet- 
ric model 

Here we present a brief review of the minimal SU{2)ji x SU{2)l x U{1)b-l niodel with 
a discrete left-right symmetry. The purpose is to set the stage for the model we consider 



and establish some notation. A more detailed description of the model exists in the 
literature |jl|. The fermionic sector of the model contains three generations of quarks 
which we denote as "^i^ = {ui,di)L in the representation (|, 0, |) and \l/jij = {ui,di)fi in 
the representation (0, |, |), where i=l, 2, 3 denotes the corresponding generation. The 
leptonic sector does not concern us here. The Higgs boson sector contains a bidoublet $ 
in the representation (i, i, 0) and two triplets, A^ and A/j, in the representations (1, 0, 
2) and (0, 1, 2), respectively. They can be written as 



In order to have parity as a spontaneously broken symmetry, a discrete left-right symmetry 
is imposed: 

^iL< — >^^R , Ai< — > /\r , $. — .<l>^ (2) 

The most general Yukawa interaction invariant under (^ can be written as 

'^y=ll {k^'L^'^'R + 9^3^'L^'^'R) + h.C, (3) 

where $ = T2^*T2. After symmetry breaking, the vacuum expectation value (vev) of $ 
can be written as 

The quark mass matrices generated by Eqs. (|^), (^) are 

Md ^ gk^Q-i^' + /^2e^° , (5) 

where M" (Jlf^) is the up (down) quark mass matrix and the hats denote 3x3 matrices. 
As a result of the left-right discrete symmetry, / and g must be Hermitian. However, 
M" and M*^ are not Hermitian. In order to obtain the left- and right-handed Cabbibo- 
Kobayashi-Maskawa (CKM) matrices Vl and Vr, respectively, they must be diagonalized 
by the usual bi-unitary transformation. In general, there is no simple relationship between 
Vl and Vr. 

The vevs of the Higgs bosons, ($) and {Al^r) = vl,r, generate the following mass 
matrix for the charged gauge bosons 

[ -g^kik2e'^^-^'^ \g\kl + kl)+g^vl)- ^^ 

Experimentally we know that vj^ ':$> kf, k^ ':$> vj^, which imply that the Wi mass is given 
to a good approximation by Mi ~ ^g'^ikl + k'^), and similarly M2 — ^g'^vj^. The W^ — W^ 
mixing angle ^ is small, 



2kik2 Ml 



kl + kl Ml 



2 ' 



as required by the low energy phenomenology [13, M|. The most stringent lower bound 
on the new gauge boson mass W2 ^1.6 TeV derives from the analysis of the Kl — Ks 



mass difference |T^. However, this bound depends quite strongly on low energy QCD 
and different assumptions used in the literature [Q. Within the present errors, it can 
be as low as M2 ~ 900 GeV, not too far from the Tevatron bound M2 ^ 652 GeV |T^ . 



There are two neutral flavour changing Higgs bosons in the model. To suppress their 
interactions, the lower bound Mh ^ 10 TeV has been derived [Q. 

The model we want to analyse is the one we have described, except that we impose 
CP as a spontaneously broken symmetry. In this model it is not necessary to introduce 
any extra Higgs multiplet in order to break CP spontaneously ||^. In this sense, it is more 
natural to discuss spontaneous CP violation in models with the gauge group SU{2)r x 
SU{2)l X U{X)b-l rather than in the standard SU(2)l x U{1) models in which extra Higgs 
multiplets are needed to generate the spontaneous CP violation. A direct consequence of 
imposing CP as a spontaneously broken symmetry, together with the discrete left-right 
symmetry (|^), is that the Yukawa coupling matrices / and g in Eq. (^) must be real 
symmetric. The only complex parameter in the mass matrices M"'"^ is a complex phase 
in ($) that we will discuss now. 

In order to break CP spontaneously, we have to look for a complex vev of the Higgs 
boson. The vev ($) of Eq. (|) breaks the U{1)l-r symmetry with the generator hi — hR- 
We can use this U{1) symmetry to shift the phases between the ki and k2 component of 
the ($). As a result we can choose a' to be zero without loss of generality. Similarly, also 
vr can be made real by using the U{1)b-l symmetry that it breaks. Working in the limit 
of ^2 ~ "^L ~ 0, as is usually assumed in the literature, we would find that there is no CP 
violation at all. A small, complex nonzero vl will generate CP violation in the leptonic 
sector, but not in the pure hadronic sector. 

3 The B^-B^ system 

The flavour quantum numbers are not conserved by weak interactions. Thus a B^ state 
can be transformed into its antiparticle i? . As a consequence, the flavour eigenstates B^ 
and B are not mass eigenstates and do not follow an exponential decay law. 
Let us consider an arbitrary mixture of two flavour states 

\m) = a{t) I 5°) +b{t) \W) ^ (^g). (7) 

Its time evolution is governed by the equation 

'J^im) = M IV^(U)), (8) 

where A4 is called the B^ — B^ mixing matrix. Assuming CPT symmetry to hold, this 
can be written as 

M=( ^-^ M^2-^T,2\ .g. 



The diagonal elements M and F are real parameters, which would correspond to the mass 
and width of the neutral mesons in the absence of mixing. The off-diagonal entries contain 
the dispersive and absorptive parts. If CP were an exact symmetry, M12 and ri2 would 
also be real. The physical eigenstates of M. are, 

B^) = ^ (p I S°) ± q I W)) , (10) 

p r + \ q r 



with 

(11) 



q _l-Z _ Ml,- ITl^ 



p 1 + e \Mi2-^r 



12, 



If M12 and ri2 were real, then - = 1 and | B±) would correspond to the CP even and CP 
odd eigenstates. 

Note that if the B^ — B violates CP, the two mass eigenstes are no longer orthogonal, 
and we can define 



pp- |g P _ 2Re(e ) 



(B- I B.) = !!: ' ' = i^^, « 2Re(.) . (12) 



which is a convention independent measure of CP violation. Notice that we have used 
the shorthand notation e = e^- 

The time evolution of a state which was originally produced as a 5*^ or a i? is given 
by 

(\B\t))\ (g^it) >(t)W|i?°)\ 



where 



with 



9iit) \ _ jMt^-Tt/2 ( cos(AM - fAF)! 



g2{t)) l-isin(AM-|AF):* ' ' ^ > 



AM = Mb+ - Mb_ and AF = Tb+ - Tb_ • (15) 

The mass difference AM, and the difference of the decay widths can be calculated from 



the general expressions [|17 



AM = V2([dl + 4) ' + di 

AF =-2V2sgn(rf2)((rf? + 4)'-^i)\ (16) 

with 



di = I M12 P -- I F12 P 



1 
4 
d2 = Re(Mi2Ft2) . (17) 



The main difference between the K^ — K and B^ — B system stems from the different 
kinematics involved. The hght kaon mass only allows the hadronic decay modes K'^ — > 2tt 
and K^ — > Sir. Since CP| vrvr) = + | tttt), the CP even kaon state decays into 27r whereas 
the CP odd one decays into the phase space suppressed Sir mode. Therefore, there is 
a large lifetime difference and we have a short-lived | Ks) =\ K_) ^| Ki) +eK \ K2) 
and a long lived | Ki) =| K^) ^| K2) + Ik \ Ki) kaon, with Vk^ ^ ^Ks- Oiie finds 
experimentally that 

AF^^o ^ -Vks ~ -2AM^o (18) 

In the B system, there are many open decay channels and a large part of them are 
common to both mass eigenstates. Therefore, the | B±) states have a similar lifetime, 
i.e., AFgo <^ r^o. Moreover, whereas the B'^ — B mixing is dominated by the top in the 
box diagram, the decay amplitude gets obviously its main contribution from the b ^ c 
transition. Thus, 

4 Left-right contributions to the B system 

Let us examine now the left-right contribution to the B system. The charged current 
Lagrangian is given by 

^u^e-'^'siniVLl^PL + cosiVR^^PR)dW2^ + h.c, (20) 



with 



p _(1T75) 



2 

where Wi {W2) is the charged vector boson field with the mass Mi (M2). 

The left-right model contributions to (5° \ H \ B'^) are shown in Fig. 1. As in the 
kaon system, multiplicatively renormalizable operators of the type 



Oll = h^^PLlh^^PLl , 

Os =bPLlbPRl, 

2 

-( 

3 

with /=d- or s-quark, appear in the effective Hamiltonian. Their matrix elements, evalu- 
ated at an energy scale mb{mi)) =4.3 GeV, are 



Oy =hrPLlh^^PRl + -Os, (21) 



(5° I Oll I B^) = -BbIWe , 



(5° Os 50) = 


( m2 


\(m6 -Fmi)2 


(5° Oy\B^) = 


= -\B"Bflm\ 




5 



+ ^ j B'^flml , 



:22) 



where ttib = 5.28 GeV is the B'^ mass, Jb denote the B meson decay constant and 
the factors Bb, B'^, and B'^ take into account deviations of the actual values of the 
hadronic matrix elements from the vacuum insertion approximation. At present, only 
the combination a/Bb/b = 200 ± 50 MeV is known ^. In the following we assume that 
Bb = B'b = B'b which should be a good approximation for our numerical estimates. 
With these hadronic matrix elements the SM contribution (Fig. la) is given by [^ 

M^,^ ^ ^,BBflmBMlr^^P{\^^YS{x^) , (23) 

where r^g — 0.55 is a QCD correction factor, 

^f"" = Va,uVI,, {A,B = L,R), (24) 



and 18 



3 / a; \3, , , /I 9 1 3 1 \ 

The tt exchange dominates not only the SM contribution but also the left-right contribu- 



tion. For the transverse Wi and W2 one gets |12 



Mmw. ^ ^MlpBBflmB {{^^\ + ^1 Af^AfV^F,(x„x,,/?), 



(26) 



and for the 5*1 14^2 contribution in Fig. Ic (S'j denoting the Goldstone boson which becomes 
the longitudinal component of W^) 

M^r^ ^ -^^M^.^BBflruB ii^^y + l) Af^AfV^F2(a;„a;,,/3). (27) 

Here /3 = MI/M2, x-i = mf/Ml and rj{^ and rj2^ are the QCD coefficients. Following 
Ref. P and assuming as{Mz) = 0.118 and quark masses as given in Ref. [^] we obtain 
rj^^ = 1.83 and r/l'-^ = 1.66. The function Fi is given by 

F,ixt,x,,(3) = If- ^ f'daY^'ln \ Afc(a,/3) |, (28) 

[l - XtP){l - Xt) Jo ^ 

where 

E' = E-E' (29) 

k 1,2 3,4 

and the functions Afc(a,/3) are defined by 

Ai(a,/5) = Xt — X(,a(l — a) , 

A2(a, P) = l-a + — - Xba{l - a) , 

OL 

A3(tt, /5) = xt(l -«) + -- x^aiX - a) , 

A4(a, /3) = 1 — a + a;^^ — Xba(l — a) . (30) 



Analogously, 

F2{xt,Xb,P) = -. -^r-. r/ rfa V Afc(a,/5)ln I Afc(a,/3) I . (31) 

[1- XtP){l- xt) Jo ^ 

Among the three diagrams containing the unphysical scalars Si, the ones which contain 
the W1S2 (Fig. Id) and 5*1 5*2 (Fig. le) boxes are of order /5^ and can be neglected even 
for the intermediate top quark. Also the box diagram which contains two W2 (Fig. If) 
can be neglected due to the same reason. 

The tree level contributions are mediated by the flavour changing neutral Higgs bosons 



)i and 02 and their contribution is |19] 



Al« c. -l^,nl(:,n,)B,fim, ^^^^ + i AfA," , (32) 



Mfj \\mb + miJ 6^ 

where we have assumed a common Higgs mass Mh- Note that these flavour changing 
neutral contributions are suppressed by the same factors Aj as the gauge mediated am- 
plitudes. One loop Higgs contributions to M12 including also charged Higgs bosons are 
suppressed as far as Mh ^ M2. Considering the kaon system, this is a quite natural as- 
sumption. In order to make the left-right contribution to the kaon mass difference smaller 
than the experimental value, the bounds M2 ^ 1.6 TeV and Mh ^ 10 TeV have emerged. 
Now we can demonstrate the relevance of the left-right contribution to the mixing of 
B^ — B . Using the formulae above we have performed a numerical computation resulting 

where we have assumed | \f^ \ = \ Af ^ | = | X^^ \ , which is guaranteed in the left-right 
model with the manifest left-right symmetry (|^). The function F[M2) presents the non- 
trivial dependence of the left-right gauge boson box contribution M^^ on M2, and is 
plotted in Fig. 2. Comparing the numerical values one can see that for Higgs masses 
close to its lower bound the Higgs exchange dominates over the box contribution. Since 
F(M2) is an increasing function of M2 it follows from Eq. (|33| ) that scaling the masses 
M2 and Mh up by the same factor the gauge boson contribution becomes relatively more 
important. It is important to notice that the left-right box and Higgs contributions add 
up constructively. With the Wr and Higgs masses close to their present lower bounds the 
modulus of the left-right contribution to M12 is comparable in magnitude with the SM 
one. If we assume as in Ref. |^ that | M^^ \ ^ | M[^ \ is allowed experimentally we 
can obtain from Eq. (^) a new lower bound, 

Mh ^ 12 TeV, (34) 

on the Higgs boson mass. 

However, due to the unknown relative phase between the SM and left-right contribu- 
tions, substantial cancellation between them is possible. There are all together six phases 
present in the left- and right-handed CKM matrices which may cause destructive inter- 
ference. If the CMK phases are small, as is expected in our model (we will see in the next 



section that they are proportional to rsina which is bounded to be a small quantity), 
this cancellation may appear naturally. In conclusion, by studying the B meson mixing 
alone it is difficult, if not impossible, to distinguish the left-right model from the SM. We 
move now to investigate also the CP violating observables. 

The result above does not imply that in the left-right symmetric model there is the 
same enhancement factor also for the CP violating observables. For the purpose of study- 
ing CP violation we need to discuss ri2. Clearly, tree level Higgs exchange does not 
contribute and all terms coming from the left-right symmetric model have a suppresing 
/3 factor when compared to the SM contribution. Therefore, the left-right contribution is 
completely negligible and to a good approximation ri2 ~ rf'2^. To calculate the transition 
width we use the quark box diagram approximation which is expected to give a good 
estimate for the B system.[] In this approximation ri2 can be written in the form ^1\ 



GlflBml 



12 



^vr 



((A„^ 



LL\2 



Xuu + {^c 



LL\2 



X,, + 2\^^K,''X, 



(35) 



where the functions X will be defined later. In the three generation standard model, as 
well as in the minimal left-right symmetric model, the unitarity of the CKM matrix Vl 
entails 



A,^^ + Af'^ + Af'^ 



0, 



(36) 



and, consequently, 

ri2 = a (-^u ) i-^uu — Xuc) + (A^ ) (Xcc — X„c) + (A^ ) X„c 

Neglecting the mass of the up quark, one has {x = ml/im?g , y = ml/m\) [^] 
Xuu = V^'h, 

V y N 

2 



(37) 



where 



X.C = v^'k (1 + f\ (l 



X 



y, 



r^i'^-x{l-xf 



V^'^=l{^ + ^^cl + \[l--)c-_, 



N 



N 



,{o) 



^+^^%ur^rc^_-^^^c,c_. 



(3^ 



(39) 



with 24 



(C-) 



a 



jmb) \ 



as{mw)J 



(40) 



^We thank A. Pich for clarifying discussions on this point. 



Here A^ = 3 denotes the number of colours. Numerically the third term in Eq. (|3 
dominates over the first two and we obtain 



12 



^f/b-D"^B t\LL\2 



Stt 



{Kyx^ 



In agreement with the discussion in Section 3, the ratio 



12 



Mh^ 



'12 






X„ 



S{xt) 



(41) 



(42) 



is, indeed, numerically small. 

Now we are ready to study the CP violation convention independent measure e defined 
in Eq. (p!2|). Taking into account that in the SM the phase between ri2 and M^^ is quite 
small, Olml/ml), we can neglect terms proportional to this phase and obtain 



2Re(e) 



12 



M,\^ 



2 I Mh^ PI 1 



'12 



^-'12 12 
^"l2 



smo", 



(43) 



where 






(44) 



Note that this estimate holds for both B^ and B^ systems as long as the result is larger 
than in the SM. As can be seen, in the left-right model the indirect CP violation is not 
related to the small relative phase of ri2 and Mf",^ but to the phase between the left 
and right contributions to M12 which can be appreciable. Therefore the CP violating 
observables can be significantly enhanced in our model when compared with the SM 
prediction [E2] 



2Re(e) | ^ 



0.5-10-3 
0.5-10-^ 



^0 

50 



(45) 



To see this enhancement let us assume for a moment that sin a = 1 and turn later to 
the analysis of its possible values. In this case we plot in Fig. 3 the value of 2Re(e) as a 
function of M2 fixing the Higgs boson mass to 12 TeV and in Fig. 4 as a function of M^ 
fixing the right-handed gauge boson mass to 1.6 TeV. With the choosed masses left-right 
symmetry can enhance the CP violation in B'^ — Bd system more than a factor of four 
and in B^ — Bg system almost by two ordes of magnitude. As seen in the figures, in 
the left-right symmetric model 2Re(e) remains larger than the SM prediction for quite 
large values of the right-handed particle masses. This is a promising result for the future 
searches of indirect CP violation in B physics. Since the parameter e will be measured 
from B decay asymmetries, an order of magnitude increase in the value of e would mean 
that hundred times less events are needed in order to measure it. With the designed 



machine parameters |]TI| it is not excluded that the left-right model e can be measured 
in the planned B factories or hadronic machines, while the SM e, taking into account 



predictions of Eq. (^51) , is most probably out of reach in these experiments. Therefore, 
stringent tests of the left-right symmetric model could be performed in the near future. 



9 



The actual value of the left-right contribution (^) will be modified by the phase a. 
Therefore, we have to discuss how this phase can affect our previous conclusions. It follows 
from Eq. (||) that 






VR,tiVl 



tb 



VL,tlV£,tb 



(46) 



In the left-right model with spontaneous breakdown of CP, all the CP violating phases in 
both Vl and Vr depend on a single quantity rsina (r = /c2/^i)- This particular feature 
makes the model very predictive. In practice, the phases are calculated analytically only 
to first order in r sin a. However, as shown in Ref. by numerical calculations, the 
conventional small r sin a approximation gives, indeed, very good results. An important 
feature that showed up in these analysis is the appearance of certain sign factors in the 
masses. According to the studies of the kaon system , some combinations of the signs 
can be ruled out in a phenomenological basis. 

By using the derived formulae for the phases in Vl and Vr to first order in r sin a one 
obtains the following approximate equations p[ 



sin a*-"'^ ~ ridT]br sin a 




/ift 


sin (j^'^' ~ rjsfjbr sin a 


fJ'c /it 
./is /ift. 


5 





(47) 



where 



Hi = r]imi 



Vi 



(4J 



It is obvious from Eq. (|47|) that sincr*^'*'''*^'^'' depend strongly on the sign factors in Eq. 
(^). However, it is important to notice that both of them are enhanced by the common 
dominant factor rrit/mi,. Therefore, the values of sino"'^''^''-'^-* can differ maximally by a 
factor of 2-3 but their order of magnitude is the same. In general, we can write 



sina(^)~I^sina(^). 
Vd 



(49) 



At this stage, it is in order to remind some results from the kaon system analysis. While 
the value of rjd is not restricted by the other quark signs, fis can flip the sign only together 
with He or /x^. In order to find numerical estimates for sincr^*-''*-'^^ we have to specify the 
value of rsina. It has been shown that, without fine tuning, the following relation holds 



r sma 



^ 



rrit' 



(50) 



one can conclude that 



Taking into account the enhancement factor mt/irtb in Eq. (| 
sin o"'-'*^'^'^-* can be naturally of order one as assumed before. On the other hand, analyses of 
the kaon system have set lower bounds on the value of r sin a which depend quite strongly 
on the signs of the quark masses. While for rjairid = 1 the lower bound on r sin a is as low 



10 



as 5 ■ 10 '^, it is about an order of magnitude higher for r]sr]a = — 1 0. In the latter case 
we obtain 

|sincr(')'('^) | ;^ 0.2, (51) 

which suggests that the left-right contribution to 2Re(e) is larger than the SM one. In 
order to obtain the correct value for the measured ex, the values of rsina and M2 are 
correlated. For small, close to the minimally allowed, values of r sin a one obtains a very 
narrow region of M2. For most of the parameter space the values of sin a in Eq. (^) can be 
large and no significant supression of the left-right CP violating effects due to the phase 
a is implied by existing phenomenology. Unlike stated in previous works, enhancement 
of indirect CP violation in the B^ ^ systems in the left-right symmetric models can occur 
in both cases rjsrjd = ±1, and particularly for 77^77^ = — 1. 

5 Conclusions 

Left-right symmetry provides a promising scenario for explaining the origin of CP viola- 
tion. Quite independently of phenomenological considerations, the left-right symmetric 
gauge model possesses the attractive feature that CP can be violated spontaneously al- 
ready with the minimal content of the Higgs sector. In this framework, we have considered 
the model where all the CP violating quantities depend on a single phase a of the scalar 
bidoublet vev ($). This model has already been successfully tested in the kaon system 
from which several constraints on the model parameters have been derived. 

In the present work we have studied the B^ — B system in the left-right model with 
spontaneous breakdown of CP. Our results can be summarized as follows. When the 
right-handed gauge boson and the flavour changing Higgs boson masses are close to their 
present lower bounds, the left-right contribution to the B^ — B mass matrix element M12 
is comparable in magnitude with the SM one. Assuming that the left-right contribution 
does not exceed the SM one, we obtain a new lower bound on the Higgs mass Mh ^ 12 
TeV. However, large cancellations between the two contributions are possible due to the 
different phases in the left and right CKM matrices. 

While the amount of mixing is comparable with the SM one, CP violating observables 
of the model are much more promising candidates to discover deviations from the SM. 
The reason is that the almost common phase of the SM quantities M[^ and ri2 (the 
relative phase between these two is very small suppressing the SM value of e) can be quite 
different from the phase of the left-right contribution M[^. Consequently, the convention 
independent parameter Re(e), which measures the amount of AB = 2 CP violation, can 
be enhanced by a factor of four or more for B^ and by almost two orders of magnitude 
for B^ systems, if compared with the SM prediction. In terms of the requirements on the 
event multiplicity in the future B factories and hadron facilities this would mean that 
about an order of magnitude less Bd mesons should be produced to measure indirect CP 
violation in the B system. Therefore, unlike the SM predictions, the left-right Re(e) could 
be measured in the future experiments providing a definite signal of physics beyond the 
SM. According to the kaon system analyses, no significant supression is expected due to 
the phase sin a in e. An important observation is that CP violating effects for B^ — B 
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can be significant no matter whether the left-right and the SM contributions to the ex 
interfere constructively or destructively. 

In conclusion, stringent tests of the left-right symmetric model can be carried out in 
the B meson system when measuring the leptonic asymmetries. 
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Figure captions 

Fig. 1. Feynman diagrams contributing to \AB\ = 2 transition in the left-right modeL 
Fig. 2. Function F plotted against the right-handed gauge boson mass. 



Fig. 3. 2Re(e) as a function of the right-handed gauge boson mass for the fixed Mh = 12 
Te V and sin a = 1. 



Fig. 4. 2Re(e) as a function of the flavour changing Higgs boson mass for the flxed M2 = 1.6 
Te V and sin a = 1. 
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